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THE principal pur])osc of farm reservoirs is to 
store water for irrigating gardens, orchards, 
and truck. Tlie water from farm reservoirs is used 
also in many eiises for stoek and for domestic 
purposes. If used in the tiome, utmost care should 
hm exercised to keep the water impolluted. 

Tlierc are several prineipal types of reservoirs, 
didering aeeording to tlie metliods of eonstruetion, 
tlie purposes for whieh tliey arc to he used, ant) the 
locatiori of tlie lands upon which they are placed. 

Tliis Inillctin gives praeticnl information to those 
who iuteud to huild or are operating fanu reser- 
voirs. The chief features of such structures are 
discussed first, without regard to any particular 
kind, and, afterwards, tlic various kinds whicli arc 
adapted to tlic storage of water on farms are 
described. 
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RESERVOIRS suifod to the ucock of individual farmers and 
small groups of farmers form the subject of this bulletin. 
The main purpose of such rcser\'oira is to store water for the 
irrigation of gardens, orchards, and truck farms, but they may 
also servo to storo water for stock and to provide domestic sup- 
plies for farm dwellings. Farm reservoirs are used most commonly 
in eonjunetion with pumping* paRts operated by gusoline engines, 
windmills or electric motors. Many pumping plants have been 
installed in recent years for irrigation purposes, and this development 
has created a d&mand for storage facilities to retain the wnter lifted 
by the pump overnight, and thus provide a large irrigation at*e*Hi 
for the following day. 

PURPOSE OF BUILDING A RESERVOIR. 

Tho purposo which a farmer has in mind in building a reservoir will 
go far to fix its essential features. If he intends to use any part of 
the stored water for drinking or even culinary purposm, |he witire 
supply must be kcj^t free from pollution. 

On. tho other hand, if the supply is intended for irrigation only, 
the purity of the water need not be considered. In building a reser- 
Toir for use in connection with a pumping plant, the size, elevation 
and location of the former should be adjusted carefully to the needs of 
the latter and to the land to bo watered, one essential feature being 
that tho outlet be somewhat highor than the aroa served. Wbcn the 
main purpose is to store the small flow of a spring or the discharge of 
a small pump until enough water can bo had to form a large stream 
or head, as it is called, and thus water a larger area in a shorter time, 
the outlet of the reservoir should be large enough to permit this to b« 
done. Again, if the reservoir is intended for both irrigation and the 
watering of farm animals, care should be taken in planning and build- 
ing the reservoir to prevent damage b«ing don« by tHrifitmpling of 
stock. 

3 
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WATER SUPPLY FOB FARM RESERVOIRS. 

Thft most c«mmoi\ source of supply for snch reservoirs is tbo wcU, 
from whidi water is raised io the iieoassnry licight by a windmill, 
intornal-eombustion engine, or clectrie motor. Tho reservoir is 
locftfdd as near as practicul)lo to tho woU, and tho dischargo from 
tho pump lends directly to tho reservoir with a brnnch to the head of 
the supply ditcli, thus permitting the well water either to he stored or 
used directly on tho land. 

Tho flow from springs, brooks, flowing woUs, and small creeks forms 
another source of suj^ply. This is often too small for rapid and 
otTectivo irrigation when used continuously, nn(i storage is resorted 
to in order to obtain a largo bead and also to collect tho (low overnight 
for use tho following day or over sovcral days for use during a drought. 
Springs and other small sourees of running water may bo made to 
servo ft vflrioty of useful purposes jf tho proper equipment is provided 
for their fuU utilization. Where there is sufTieient fall, a part of such 
water may bo pipod directly to the house and barn and tho bolaiicft 
allowed to flow into a pond or small reservoir, from which it is con- 
voyed by pipe to an irrigated field, oreluird, or vegetable garden (fig. 
1). In cases where there is no fall or not enough, the waicr may be 
pumped fli-st to thg house and then allowed to flow by gravity to tho 




Fit}. 1.— Showing bow a New York dairy farmer utilizes a spriBg. 
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|l»m and eorrfil find thoiice to a pond, from which it can be withdrawn 
teir irrigation purposes (fig. 2)* 

Owing to natural cmiBes >or the caroloss use of water in irrigiition, 
iortile iiolds often bocoTno wator-loggod. In the majority of cases 
it is feasible to drain thgwo low marshy placoa and apply this water 
to other tracts that ma}- bo too dry. If the amount of water "with- 
drawn is small, a rosorvoir to store nnongh to make an irrigation 
head oftou is a profitable inveatment. 

In that borderland LoLweon humidity and aridity, known as the 
Great Plains aroa, and throughout the arid region, the so-called 
" dry cracks" carry considorablo water at times. Part of this mn-olT 
often can bo Itul into a reservoir and storftd for future use in watering 
stock and irrigating land. 

In the Atlantic and East Central States, and, in fact, throughout 
tha entire lunnid region, .water to fdl fann reservoirs generally can 
he obtained readily at low cost from springs, lakes, streams, and 
shallow woUs. Hogs or muck bods of limited areas also aboimd on 
eastern farms, particularly in the Atlantic Coast States. These 
often can bo converted at smaU. cost from mosquito-breeding grounds 
into servic©aht# rostrvoii-s. ' *" ^ r « 

SELECTION OF SITE. ' 

The location of the reservoir will depend largely on two factors — 
the source of the water supply and its utilization. If the water is 
pumped from a well, the well and reservoir, as lias been stat»d, 
should b© |LS near to eacli other as practicable, and both should be 




Fta. 2.— The utUlzatioa of a spring for domsstiCj stock, tuid Irrlgatkia purposee. 
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located on the Wfpfctfcfe gHo-wnd to l)o watorod. "Whore a roaorvoir is 
to 1)0 fod from n stream, a part of the flow may Lo stored in. tho 
stream bod or be diverted through a pipe, flumo, or ditch to a hotter 
ii'te «#mH distance away. In Hfe Mtectioa -ni ^Hbb^ 4^^* lai^er 
community reservoirs care must ho exorcised to make sure that 
water can ho atorod at small expense por unit vohime, and such 
factors m the #liftr««*«r <rtE *hM»At«OTiife to ho it^ed",' ^ riatiiir® of 
the foundation, porosity of tho soil, dependability of tho inflow, and 
the like, likewise are to he carofidly considered. The farmer, en 
the fl^her Ii«n4,-M*8*l«i!» ehmiesB ^^■mh^&n. Ho m#y f#iigH#-to 
build a reservoir on a poor site in order that it may be placed near 
a pumping plant, er for other reasons arising from his noods or the 
conditions on his farm. • • 

toss OF WATER FROM RKSERVOIRS. 

Water oecapoa from ualined earthen reservoirs in two ways other 
than through the outlet or wasteway. A part of tho contents is 
alisorhed by or olae percolates through the materials forming the 
b&tteiR and sides, and another part is vnpowafed at tho surface And 
passes off into tho air. Were it not for the relatively large losses 
duo to ahsorption and percolation, usually termed seepage losses, 
the lai^e majority of resorveirs would bo much more ofTiciout. It 
is only in rare instances that tho contents of reservoirs are increased 
by the inflow of seepage water. Since seopago losses may be regarded 
as one of tho worst defects of the common practice of storing water 
on farms, it can not bo tee carefully considered beforehand, so as to 
avoid, if possible, tho expenditure of money and labor in attempting 
to store water in material too poi-ous to hold it. The felle wing brief 
reforoncos to aoopago losses from small resorvoii-s may ceuvey some 
idea of their extent and how tho efhcieney of reservoirs may bo lowered 
by this defect. 

In 1914 a circular reservoir, 172 foot in diameter at tlio bottom 
fcnd 182 feet at the top, was huilt near the pumping plant of the 
Garden City aubatation near Garden City, Kana. It was formed 
out of tho light silt loam of wliich the upper part of tho farm is com- 
posed, and although tho bottom was puddled, littlo care appears to 
have been taken in building the circidar cnihankmeiit and more 
especially in making a water-tight connection between tho natural 
surface and tho embankmont. A few weeks after tho reservoir was 
completed, it was filled with well water and moasurtmcnta were 
made ' of the loss of water due to both evaporation and seepage 
from 6 p. m. September 11 to 7 a. m. September 21, "1914. Tho 
average daily loss during this pei-iod was 350 cubic feet, or 2,625 
gallons, due to evaporation, and 8,040 cubic foot, or 60,300 gallons, 



1 The Bcepago and ovaporatlon losses on this reservoir were determbied by O. S. Knopp, Ag«it of the 
OiTice ol Fublla lioada and Rural Engineering. 
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duo to soopago. Exprosscd in another unit tho loss for hoth evap- 
oration and seepage was 0.35 cubic foot per square foot of mrm, 
in 24 liours. 

Water measurements wcro aJso mado on tho samo reservoir dur- 
iftg, #he irrigation season of 1915, the results of which showod that 
tho pump discharged into tho reservoir exclusive of all losses due to 
evaporation 75.23 acre-feet, that the amount withdrawn through tho 
outlet was 52.52 acre-feet, leaving a balance of 22.71 acre-feet un- 
accounted for to bo attributed to seepago loss. Since this water 
was raised through an avorage lift of 130 feot at a cost for fuel, oil, 
and repairs of $3.13 per acre-foot, tho wasto of water caused by 
seepago increased tho cost of pumping for thf s«|fan to tho extent 
of $71, or 30 per cent of tho total cost. 

In 1916 tho loss due to seepage from thti Doaly reservoir near 
Fort Collins, Colo., was liscertaincd. This earthen reservoir holds 
8.6 feet of water whon full, covers an aroa of 7.6 acres, has a capac- 
ity of 29.5 acre-feot, and tho bottom and sides are composed of a 
heavy clay loam. The maximum loss was nearly 0.2 cubic foot por 
squaro foot of wot area per 24 hours aud the averago daily loss from 
May 25 to September 6, 1916 waa 0.08 cubic foot per squaro foot of 
wet area. 

In 1905 a rectangular rosorvoir, 100 feet wide by 200 feet long and 
3 feot deep, was built in a porous soil and subsoil on the substation 
noar Choyenno, Wyo. (fig. 3). Tests mado before the lining was 
laid showod an averago loss in 24 hours of 0.72 cubic foot per squaro 
foot of wet aroa duo to evaporation and seepago. 

A reservoir of about tho samo dimensions was built at Eads, Colo., 
in 1907 to store water pumped from wells for use on an experiment 




Pw. 3. — Earthen reservoir fed by windmills, Chcycimo, Wyo. 
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ffirm. Th* matoriftl forming th« rawvoii* csitotstel &f a s»ndy 
loam and lieforti it was lined tho aeo])ago losses avftragod 0,25 cubic 
foot per square foot of wot aroa per 24 houi-s. 

S*«page loss« likmriao ooeur in ewrtlien c(««fe. A ferg* number 
of seepage tests on canals have been made and recorded,* From 
such records and other available data pertaining to reservoirs Table 
1 has been prepared. 



Taiii.b 1 . — Imss by se.epaye in reservofts foniposcd of diffm-mit maleriah. 



Klnrl of mntwlal. 


iiqiiHre foot 
01 wet sur- 
laco In H 
hours. 


Loss per ino 
square led 
01 wet sur- 
faoe In 2\ 
hours. 

OMoni. 
37 to 112 
112 to 375 
375 to TIS 
T*S to 1,496 


I,oss per aero 
in 2-1 hours. 


— ' • ' — ■ 'T — 


Cuhkftti. 

0. MtoO.15 
.15 to .50 
,SOto 1.00 , 

1. m&2.« 


Onllom. 
JO, 120-48, 790 
43,790-1(13,350 
I63,3.'i0-325,830 
326,830-651,680 




Sandy loam ■ 





After a reservoir has boon filled, the loss of water may bo found 
readily by measuring tho sinkago in a given time. To do this set a 
gauge in the res»rvoir and when the weather is settled, there being 
neither rain nor wind, close tlio inlet and outlet gates so that no water, 
will pass through either, and read tho gauge. Then in 24 hours or 
at the end of any multiple of 24 hours, again observe tho gauge and 
note tho difTercneo in elevation, or sinkage, of tho surface of the water. 
This difference as -sliown hy the two readings of tho gauge, when 
oxprcftsed in inches and divided by 12 will give the loss of water in 
cuhio feet per square foot of reservoir surface during the time of the 
tost. Losses due to l)oth evaporation and seepage will bo included 
ill the results found. 

Whenever it is desirable to separate these two losses, it may bo 
dono by ascertaining the total loss and also tho loss due to evaporation. 
The latter may be found by digging a bole in the top of the embank- 
ment of the reservoir, placing therein an ordinary galvanized-iron 
wash tub or garbage can and filling it to within a couple of inches of 
tho top with water taken from the reservoir. Tho loss of water in 
any number of days can then bo found by measuring from tho lip 
of tho tub to tho surface of tlio water at the beginning and ond of tho 
period. About three-fourths of tho daily loss by evaporation m 
dotcnrsinotl by the small can would represent tiie daily loss from tho 
surface of tho reservoir. Deducting this loss from th® total daily 
loss due to both evaporation and s«epago as indicatad by the r^ervoir 
gftuf 0 would give the loss duo to seepage. 



1 Oonercte lining m applied to Irrigation ounols. By Samuel Fortltc, nul. 128, TJ. S, Dept. (A Agr., 
1914, 
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Seepage losses may he prevontod almost entirely hy lining the 
reservoir with concrete. The methods employed are briefly described 
under "Typo No. 6." Such a lining may cost, however, as high 
as 10 cents per square {cot or more than $1,000 per aere-foot of water 
stored. Sinee tho interest on the cost of a conerote lining might 
amount to more than tho value of tho water wasted annually, it is 
well to consider ways and means of malting the reservoir reasonably 
water-tight by cheaper methods. Much can he done toward this end 
when the reservoir is hoing built. To guard against the loss of water 
under the omhankmout and along the ground surface, a trench should 
be dug where the center of the embankment is to rest and a water- 
tight embankment built above in some such manner as is outlined 
on pages 24 to 33. When tho necessary steps are tak&n to insure a 
water-tight embankment and to guard against the escape of water 
beneath it, the only porous parts remaining are tho bottom of the 
reservoir and parts of the inner slopes formed in the natural ground. 
To lessen the percolation of water through sueh parts, tlioy should be 
well soaked first and afterwards lined with some cheap impervious 
materi^d. Whero turbid water, carrying a high percentage of cither 
clay or silt, can be had, it should be run into tho reservoir, allowed to 
settle and then withdra^vn to give place to another filling of turbid 
water. This operation, when repeated A suScient number of time*, 
will greatly lessen the seepage loss. 

If elay or sdt can not be transported in the maimer just described, 
clay should bo hauled by teams, if it can he fouu*! witliio an econom- 
ical haiding distance. In lining with clay a reservoir intended for 
irrigation purposes only, a good plan to follow is to cover tho bottom 
and porous slopes with a mixture of elay and coarse gravel to tlio 
depth of several inches and when sprinkled or otherwise moistened, 
use tho sito as a feeding groimd for sheep or other farm animals. 
In oasoa where this plan, is not practicable, tho layer of clay should be 
as thoroughly pulverized as possible, the coarse gravel added and the 
mixture moistened and tamped by hand. Tho addition of coarse 
'gravtl ranging from tho sizo of peas to that of walnuts forms a elay 
concrete more stablu and compact than clay alone and none the less 
impervious. 

INLETS. 

Wliore a reservoir is huilt in the bed of a stream an outlet pipe or 
other means of conducting water into it is not necessary. Whero a 
reservoir is located near a stream the waters of which can bo run into 
it by gravity, a ditch or flume may suffice. In the largo majority of 
eases, however, water is conveyed to farm reservoirs under more 
or loss pressure and pipes are about the only equipment that can bo 
usml. These differ greatly in material and ttii*:fe and it iar iffiportunt 
94685"— Uull. 828—17 2 
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to select for both inlot and outlet striictiiroe a kind adapted to the 
needs of tlio site, the capacity of the reservoir, and other conditions. 

The ordinary sower pipe naado of shalo or clay may ho nsed for 
inlot pipos laid on grade or under lew heads not exceeding 15 feet 
for tho smaller and 10 foet for the larger sizes, niis pipe is made in 
sizes ranging from 3 to 24 inches in diameter and in lengths of 2^ and 

3 foet and is suitable for a fairly largo "flow under a lew preesur*. It 
is both cheap and durable and may bo serviceable providing skill and 
caro aro exorcised in selecting tho pipe and in laying it so as to avoid 
leala in t4io jotntsr ' It is not suitable pipe for conveying water from 
a pump to 'a reservoir above tho pump since tho pressure and pulsa- 
tions created by the pump are apt to cause leaks, What has boon 
stated regarding clay pipe will also apply to concreto pipe which is 
not reinforced in any way. 

Machino-bandod pipe made of staves of redwood or fir and wound 
with galvanized steel wire is used oxtciif*ivoly in many of tho Western 
States. It compares favorably with oithor clay or concrete pipe as 
regards cost and has an added advantage in being able to withstand 
reasonably high prossuros. Itm cliief disadvantage lies in tho fact 
that tho wood of which it is composed, and more particularly tho 
wooden collars whicli form the joints, is snbjoct to early decay. For 
this reason it is not a suitable pip® to uso for reservoir outlets. 

Steel-riveted pipe is niado in a large number of sizes ranging from 

4 to 30 inches and over in diametoi' and capable of withstanding lioads 
of 50 to 300 foot. Each joint of pipe is ina'de of a^inglo sheet of steal 
which is sized, punched, rolled, and riveted. Sovcrnl of those joints 
aro then rivotod together, making a shipping length of about 30 feet, 
Each length is galvanised or immersed in a bathiof hot asphalt betfore 
boing stacked up in the shipping yards. For all sizes up to 12 inches 
designed for ordinary praasures tho lengths aro simply driven together, 
tho smaller joint of ono end telescoping tho larger joint of tho next 
length. For high pressures and largo sizes tlio circular seams aro 
single-rivotod and sometimes split calked. During tho past five or 
more years lighter and less expensive pipe of galvanized iron from 20 
to 24 B. W. gauge, both coated and uncoated, lias been used exten- 
sively in certain portions of tho Northwest. Tho steel or iron riveted 
pipe may bo used \vhorev«r the machino-bandod wooden pipe is 
suitable. Tho former costs more than tho latter, but is more durable. 

A still liigher-pricod pipe commonly used to convoy water from 
a pumping plant to a reservoir consists of a lap-weldod steel pipe. 
Tliis may bo purch«sod in all standard sizes from less than an inch up 
to 12 inches and more in diameter. It is best to specify that it 
bo galvanized, since tho untreated or "black" pipe is likely to corrode 
and thus leeeon ito oftcismcy and duiability.^ i 
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Unless there are good reasons for deing otherwisoj irilet pipes 
should he laid through and not over tho embankment of reservoirs 
connectod with pumping plwxts. In other words, tho inlet pipe 
should enter the reservoir in some such manner as is indicated in tho 
sketch, figure 4, having its outlet enlarged as shown. Inlet pipes from 
pumps to resorvoirs also should bo laid with tho fewest possiblo num- 
ber of bonds and where 
bends must bo used they 
should have longradii. Tho 
saving in power wliich these 

improvements will bring Discharge end ot inlet pipe to reservoir, 

about may amount to a cousiderablo sum in the first cost of the plant 
and tho yearly oxpondituro for fuel oil or current The loss of power 
and the coxxsequent lowering of the efiiciency of tho plant whieh high 
dclivorios entail are shown iix figure 5, whore water is pumpod from a 
well and then permitted to fall a distance of over 12 feet to tho bottom 
of a concrete-lined rosorvoir, 

OUTLETS AND GATES. ' ' • — 

AU tho kinds of pipe ilotcd under "Inlets" with the possible 
exception of wood pipe, may bo used for outlet pipes. To theeo should 
be added cast-iren pipe, which is woU adapted to this purpose. Tho 

main things to con- 
sider in building out- 
lets are prevention 
of leaks and breaks, 
sufficient capacity, 
and a ready means 
of turning on and 
shutting of! tho flow 
of stored water. Tho 
simplest kind of an 
outlet consists of a 
pipe to which is at- 
tached a valve or 
gate, laid with ite 
xxppor end on the 
floor of the i-esorvoir and extended under tho embankment on a 
slight gx'ado to a point a few feet beyond the toe of the outer slope. 
Usually, however, conditions caU for soxnething more. Fpr example, 
trash, weeds, or debris may collect at the eiitriince to the outlet 
pipe and cho^o off or greatly reduce the discharge. To guard 
against this a box, preferably of concrete, is built around the 
entrance, having one end or tho top or both open and covered 




Fia. S.- 



"Showing waste o( power in nl<lng water and then permitting 
it to fall to the surlace of tho water in tlie reservoir. 



12 



PABUfHlfe'zBTJLLBTIN- 8S8. 




Flo. 8.— Outlet pipe anil gate tor small reservoir. 



with a heavy wire screen. It is likewise good practice to build 
a cut-oft wall of concrete or well-rammod clay around tho upper part 
of tho outlet pipe to prevent tho escape of water along its smooth 
exterior surface. Again, some kind of a footbridge extending from 

the top of tho ombank- 

\ FootrK fk (-jf c d^Mi) ^ ment to tho valve stem 

is necessary in order 
to operate tho valve. 
These additional fea- 
tures are shown in 
figures 6 and 1} 

It is sometimes an 
advantage • te have 
an ouHet so adii»t»d 
that water can be 
withdrawn from the 
reewToir at any desired elevation. This -can be readily effeetod %y 
the uae of flash .hoards, as shown in figure S. 

In estimating the quantity of water an outlet pipe et a given diam- 
eter will dischfti^o under « known fbgervoir head, there should be 
taken into account several factors that tend to reduce tho velocity or 
pre««ure and thereby lessen tho flew. Of these the following may be 
named: (1) A reteirdatien of th» flow caused by friction in the inte- 
rior of tho pipe; (2) a 
loss of head in passing 
through a valve orothcr 
gate stni«ture; (3) a 
lossofhoadat entrance ; 
and (4) a lessening of 
the pressure and flow 
in pttseing through a 
screen. The' effect of 
each one of the above 
in turn depends on a 
number of variable con- 
ditions which make it 
difficult te present any one set of figures that will apply to all. Tho 
following table, therefore, of outlet discharges should bo considered 
«3 giving merely approximate volumes under such average conditions 
RS are found in practice. 

1 The drawings rantoinod In this bullotin wore made, for tho raoat part, by F. C. Boebey, Irrlgatlan 
gnginfer, ot the office of Pubtlo Reeds asd Bural Englneerlxig. 





Fio. 7.— Cross section of small reservoir through gate and pipe. 
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Table 2, — DisAerg'es of outlet pipes of various ^iamMere in lengths of SO to 40 feet under 
different heads and provided ivilh valves and screens.^ 



Head 
ovor 
center of 



F«t. 

1 

2 
3 
4 
b 
6 



4-incli. 



Cubto 
Soet par 



0.3S 
,4a 
,5S 
.09 
.79 



Gallons 



muto. 



157 
208 
200 
310 
35fi 



6-inch. 



Cable 
feot per 
second. 



0.52 
l.Ofl 
1.42 
1.09 
1.91 
2.09 



Gallons 

por 
mmute. 



233 
476 
037 
75S 
857 
931 



S-lnch. 



Cubio 
foet per 
second. 



1.3 
2.0 
2.5 
3.0 
3.5 
4.0 



GaJlons 

per 
minute. 



m 

900 
1,120 
1,350 
1,570 
l.SOO 



I Based on oxjKrlmonts inodo by V. M. Cone and E. L. Parshall at the hj-drauUo laboratory of tha 
Colorado Agricultural Hjcperlment Station at Fort Collins, Colo., July, 1916. 




FiQ. 8. — ShowlnE the use ol a double 3«t of-ilarii baarde M an outlet for a 
small reservoir. 

WASTEWAYS. 

In all reservoirs fed direct from streams and formed by earthen 
dams, ample provision should ho made to draw off the surplus water 
through a wastoway and thus prevent the water in the reservoir from 
rising above the high-water limit. Thfe limit must always be placed 
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FiQ. 9— Flwlng itite t to wustewmy 
of reservoir. 



lit a safe distfinco below tho top of the oarthon dam. Many reservoirs 
hdve failed ns n direct result of defective wastcwajrs, They are either 
too small, not in t'he right place, or are poorly designed anii eo©- 
structed. Since it is impossible to estimnte closely tho flood flow of 
tho creek or stream which feeds tho reservoir, the wasteway should 
bo built of fc»i|*li» (i^lePty fe siectiW' a rather nrf^lf|Pn of safety. 

It shoidd bo located aa far away from tho 
dam as practicable. "When tho nature of 
the ground will permit, an excellent and 
safe wasteway is formed by oxeavating the 
material down to tho flow lino in a low gap 
of the margin of tho reservoir. When this 
is not feasible, a shallow canal may ho dug 
around one end of the dam and carried down 
stream far enough to prevent damage to any 
part of the structure, If the material of tho 
wastoway is liable to scour, tho channel may 
have to bo paved or flnmed. Since wasteways receive water at a 
state of rest or slow velocity, they should be designed with flaring 
inlots on steep grades as shown in figuro 9. 

The foregoing applies to reservoirs locatod in tho bods of streams 
subject to floods. Under regulated inflows, such as those from 
springs, wells, and canals, the removal of the surplus water from a 
full reservoir is much less expensive. In such reservoirs this may 
bo accomplished by tho use of flash boards (fig, 8) or hy laying a 
pipe of tho requisite diameter through the embankment at flow line 
and extending it down tho outer slope and far enough beyond so as 
to connect with an open ditch or ravine. The manner in which this 
may bo done is indicated in figuro 10. 

SLOPE PROTECTION. 

The outoi' slopes of farm reservoirs need httlo protection. It is 
only when tho earth of which they are composed scours readily that 
a ho<ivy rain is apt to form gutters which aro not only very unsightly 
but may cause a broach. Even if tho risk of a breach duo to this 
oauso is slight, it pays to expend some labor on the outer slopes if 
for no oth«r reason than to improve their appetirauce. In tho humid 
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"Flo, lO.^\VMt0 pipe ot amnll rfifiervoir. 
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region an ugly baro embankment may bo converted at littlo eoat into 
an ovon, wcU-graded grassy slope. The sod, wben' once formed 
cither by growMg fro« seed or by transplanting, %vill prcvsewt the 
crosivo action of both rain and wind. When 
grass is unsuitablo because of the dryness 
of tho climnto or other conditions, a layer 
of broken rock or coarso gravel and cobbles 
may bo substituted. 

Tho inner slopes of reservoirs need to be 
protected from tho action of waves. Even 
small reservoirs in localities subject to high 
constant winds often are badly damagctl 
from this cause unless tho upper part of tho Fm. ii.— siono sajj ^rflvoj riprap 
inner slope is protccte<l against such forces. protection. 
Perhaps the most cffectivs protection is secured by tho use of a concrete 
paving surmounted by a parapet waU. This also is the most expen- 
sive. "\Vl\ero rock and coarse gravel are abundant near tho site, the 
slopo most exposed to tho wind may be covered first with a layer 
of gravel and afterwards pitched with stono placed by hand as sho-rni 
in the sketch (fig. 11), Less carefully placed rock is sho%vn in figure 
12. Brush may be u«od inat«ad of tho gravel and held down by 
Kick or barbe<l wire, or by round timbers as Aown in figure, 13. In 




Fia. 12.— Eock paving on reservoir slope, near Casper, Wyo. 
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some casoa a layer of cobblostonee spread orer r flat slope makes ni 
fairly good protection. 

Fences of various kinds also are used for preventing damage from 
wave action. The most inexpensive of these consists of a row ef 
posts on which barbed wir« m fastened nt peints about 2 inches 
apart. Back of the fence is packed straw, sagebrush, willows, ceRrs« 
manure, or other material, which is held down by rock or barbed 
wire. ^Vhero lumber is cheap, a board fence (fig. 14) makes an 
•ffoctive pretectlon while it lasts. Such boards of the requisite length 
are nailed to two horizontal jeists anchored securely to the embank- 
ment by pests and doadmen and braced thoroughly. A floating 
lumber fence also has been used successfully. This consists of two 
planks placed on edge, one above the other which are allowed to rise 
and fall with the elevation of the water surface between wooden 
vertical guidis which also act as posts. 

In small reservoirs having low waves, erosion may be guarded 
against offoctivoly by sodding the inner slope. For this purpose 
slough grass sod is preferable, as it will live under water. In laying 
such a lining, the slope is trimmed and a shallow trench or groove 
dug along the bottom to receive the first tier of sods. This precau- 
tion is necessary in order to avoid slippage when the water is turned 
in and this inner banks become saturated. 

The cost of slope paving may bo either greatly lo^cnod or rendered 
unnecoesary in time by planting a windbreak on the windward side 
of the reservoir. In doing so, there should be a space ef at least 
50 feet b«tw»«n th© two sine® th«' roots of trees pla-ntcd too near ki 
reswveir ar« apt to causa leaks and failuree. 




Fio. 13.— ncsctvolt Blopo prolocleii by brush and ttmbDrs, Five Mile, Mont. 
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DIMENSIONS OF EMBANKMENTS.' 

The dimonsions of ombankments vary with tho height, location, 
source of supply, artfl oHidr 'iJorfditions. Tho Sifbl'" which retain 
water in small shallow roservoire fed by pumping plants need not 
ho heavy. Thoir essential require-mente aro water-tightness and 
stability. Water slopes of 2 horizontal to 1 vortical and other slopes 




tis. li.-'BBBwyj^'^fllWfi^by |bai»4?*ic<5, Belle Fou«i^<!, S. n»k, 

of 1| to 1 with a suitable top width usually aro sufficient. Heavier 
ombankments aro required when tho reservoir is formed by damming 
the bod of a stream. In this typo more or less uncertainty exists as 
to tho flood flow of the stroam, and to guard against overtopping the 
top width is increased and raised to a greater height above' tho flow 
line, i. e»., tHo level of the surface of tha water in the reservoir •yrheii 
full. Tho slopes likowiso are somewhat flatter, tho outer being about 
2 to 1 while tho inner may bo tho same, or clso 2. J to 1, 

TYPES OF FARM RESERVOIRS. 

Farm reservoirs are rather difficult to classify for tho reason that 
they arc dependent on a number of unlike factors, The materials 
used, tho methods of construction, locality, cost, source of water 
supply, and purpose which thoy arc intended to scn^o, ah exert more 
or lees influence. Such being tho governing conditions, any attempt 
to present types of such structures can not/ well bo made wi'thout due 
consideration of tho most influential factors. Thus an earthen reser- 
voir planned and built to storo water for irrigation may bo unsuitable 
to provido water for stock. Similarly, the materials and methods of 
construction which may bo used for a reservoir fed by a pumping 
14685 °— Bull, 838—17^ 3 
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pknt may not ho wt* wi«?pic(J to a reservoir loca*ctl in the h«d of a 
stream. Furthormoro, a cost whidi is justifiahlo in the citrus orchards . 
of soutlicrn CaHfornia may bo prohibitive in the Great Plains area. 

HBSERVOIRS VSBB WITH POMPING PLANTS. 

Tho following dcscri])tftoifi is ij^tonAcd to be typieal of a larg« num- 
ber of small earthen reservoirs recently built in control California to 
storo water furnished by small pumping plants and thus secure a 
IftTgei" and more oflfcctivn he«d for irrigatian. The n^ (mpft(S*fei« of 
tho reservoirs examined ranged from one-fifth to 7 aero-foet and th« 
fivcrago coat per acre-foot of storage capacity was $07.' 

The e*ops irrigated eonsistotl mainly of alfalfa, fruit trees, grapo 
vines, nursery stock, and gardens. 

This ty^jo of farm reservoir in reality is an adjunct to a pumping 
plant and thi proper rslationship b«twe&ti th® two should be studied 
carefully. Tho main purpose of both is to secure at the lowest rates, 
water from wells in suflicient quantities for succossfid irrigation. 
This can bo don« by installing a pumping plant of largo enough 
capacity and dispensing with tho reser%'oir. This, however, would ])o 
likely to entail a greater first cost for equipment, a liigher aniunil rate 
for power, and a shorter operating time. Tftliere thar© k no reservoir 
tho capacity of tho pumping plant would have to ho increased at 
least 00 per cent and since electric current often is sold at a flat rate 
per horsepower Siflc'd &n th* heiraepowiDr of motor, it follows that 
a pumping plant driven by a lO-horsepowcr motor working 10 hours 
a day would cost twice as much for euiTcnt as a 5-horsepower motor 
working 20 hours a d&y. 

This typo of rcsor\'qir usually is rectangular in form but it may 
be circular. The former is more apt to conform to fence linos, roads, 
fields, ete., is moro readily laid out and built, but the lattsr require* 
less material and usually presents a better appearaneo. Before a site 
k adloetcd it is well to find out the nature of tho subsoil beneath it. 
This may be done by boring a hole with an auger or pmt hole digger, 
or by digging a pit to tho required depth. If the oxaminiition shows 
tho subsoil to he porous to considerablo depths, tho selection of 
another site may bo advisable hut if tho porous material is confined 
to a single stratum it often is possible to lower tho floor of tho reser- 
voir to a moro impervious foundation by excavating the upper 
Stratum. Such a courao is followed often for tho purpose of reducing 
tho eost, as tho most eeonomieal method of building an embankment 
around a reservoir is to tako part of tho material from within tho site. 

Tho sife« should bo cleared of all brush, weeds, or other matter sub- 
ject to decay, plowed and ridged and a treneh dug along tho eenter 
lino of the embankment. One of tho cheapest and best methods of- 
puddling tht mafeeried placed in tho tronch aa well as that iu the leWNn* 



' lieport on farm reservoirs in Sacramento and San Joaqutn Tallcys, Cal., by Wells A. Uutohlns, BeaJst' 
nnt In IrrlgBlIon economies, otthc Omco of l*ubHo Roads and Rural Engineering. 
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and central part of the embankment, provided tho material is other 
than elay, is to fill the trench about two-thirds fuU of water and 
dump good puddling material into it. The puddled center core 
should be carried up into the en*b*nkmenfc for some distance. 

In building rectangular reservoirs the slopes may bo kept fairly 
tlTie to liile by first setting up guide posts and stiiait" wire caWes in 
"the manner shown in fig. 15. The space between each sot of poles 
is equfll to the top width of tho erahanlcment when completed and tho 
slopes of the eables correspond to th»>inn|»^ emd outer slopfts of th* 
embankment. In circular (»ab«ijkm«nts « template or portabl* fornsi 
of guides may be used. 

On ft fanrpftetir'Sftlffeift,- Cfj., there is a riBtervoir somewhsit typical 
of this class. It is about 210 feet square, the banks are 7 feet high 
with slopes of 2 to 1 inside and IJ to 1 outside, and the top width 3 
feet. Tke ri»servoir 
covers 3 aero of Jand 
and has a capacity of 
4.3 aero-foct. After 
tho banks were formed 
by means of 4-hoi'sc 
Fresno scrapers, the 
bottona of tho reservoir 
was covered with clay 
and puddled by cattle. The water is raised from a well by a 15- 
horsepower motor operating a 6-ineh centrifugal pump, and dis- 
charged into tho reservoir through a conerete pipe laid beneath tho 
bftiik. There are two outlets, each eonsistuig of a l4-ineh concrcto 
pipe controlled by an iron gate, which dischaiiga into open dttcJios at 
some distance fi"om the reservoir. The carthwOl'k ot the reservoir 
cost about $150, the structures $50, and tho maintcnauee about 
$5 in three years. The pumping plant is operated continuously day 
and night for six monflis and supplies water for 240 acres of aJfaifti. 
Prom 6 p. m. until 6 a. m. of the following day tho well water is dis- 
charged into the reservoir and fro:n 6 a. m. to 6 p. m. tlio irrigators 
draw from both sources of supjily. In this way all irrigation is per- 
formed in tho daytime, the labor and co.st of in-i<jtiting is greatly 
reduced, whilo tho plant is being operated continuously. 

For th* past 25 years or so somewhat similar reservoirs liavo been 
in use in southwestern Kansas and in other parts of the Great Phiine 
areft. Boforo tho day of tho gas cngiuo these formed a nocoisflary 
adjunct of windmills, but in more recent times the gasoliue *ngin® 
has replaced the wind motor in many instances. 

Table 3 ' gives in summarized form considerable information per- 
taining to windmills and small earthen rtstiT-oirs located within the 
Garden City district of western Kansas. 

1 Irrigation from reservoirs In western Kansas and Oklahoma, by S. T. Uardlng and U. D. Robortson, 
(S. Doo. lOSl, 3ii mm., eS Cong.) 



20 



TAMiB 3. — Dula pertaining to vmvinHlls wkkh Mscharge well water into small reaervoira 
in the Garden City distriet of western Kansas. 
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1 Tlla tutlowlne abbreviations are used: .\, alfalfa; B, berrIo.i: C, eantateiipe; F, fWiWs Fl, flowers; 
G.Kardon; sn, siiRar beets; S 1", swest potatoes; St, atrowbcrries; T, trt*8. 
• Tt*iB(Jl»te3 three 12-ft>ot mills, othfc si radar figures (ndieate number of mills of *he»i«e given. 

Tilo customary praotico in biiiliiiiig these reservoirs is to locate 
them oil tho highoat siiitablo ground aJjacciit to tho pumping plant. 
Tha uxtvtorial for the embankments is taken from the inside, the space 
being plowed first and then scraped. To secure earth from the out- 
side of tlie reservoir would remove the upper layer of soil and this in 
turn would lessen tliq yields of crops. Forming tho banks from material 
tiikeii from the inside results in lowering tho bottom considerably 
below the natunil ground surface and in this way lessons the effect- 
ive holding capaeity of the reservoir since the water in the bottom 
can not bo drawii off and used in irrigation. On tho other hand, 
there is a decided advantage in having this extra storage to stock 
with suitable kinds of fish. 

Tho inner slope first is smoothed by hand and then sodded with 
slough grass from bottom to top, care being taken te lay the first 
row of sods in a groove or V-tre:ich at tho bottom to prevent tho 
sods fntm slipping when water is first ])umpcd inio the roeorvoir and 
the banks bocomo soaked. 
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Figure 16 shows a reservoir of this typo in which the water is 
raised from a well by a small pumping plant. 

HESEKVOms BUILT IN nEIhB OF STREAMS. 

t?iiiderthi« Ittftding are grouped reservoirs of a somewhat larger 
capacity than those previously considered. The reservoirs of this 
type are built in the beds of streams or other depressions and are 
used mainly for irrigation purposes. The dam may be of earth, 
loose rock, timber, concrete, or masonry, or combinations of two 
or more of these." However, since on the large majority of sites 
earth is the most abundant and cheapest material available, it hais 
been used chiefly. The percentage of failures of dams of this tjrpo 
has been large. The main causes have been (1) faulty and inadequate 
wastoways, (2) porous earthen embankments not properly com- 
pacted, aii4 |8.)'i'n9ecure foEndations.- 




Flo. Ifl. — Pumping plant with earth reservoir, Garden City, Kans. 



When the location for the dam has boon decided upon a careful 
examination of the foundation should bo made. Test pits should 
be sunk at intervals across the stream bod or depression, and if rook 
or other impervious material is found near the surface, the more 
porous top covering should be i-emovcd and the foundation laid on 
the impervious substratum. In any event, all shrubbery, sod, and 
decayed vegetable matter should bo cleared away before the dam 
is begun. In the better class of such dams a narrow trench is dug 
beneath the center of the embankment down to •bedrock or other 
good material and a wall of concrete, known as a rim core wall, is 
built therein. This wall projects above the surface and serves 
a purpose similar to a tongue in grooved-and-tongued lumber joints. 
A clay puddle may be substituted where a concrete core wall around 
tho rim would prove too expensive. In this case a much wider 
trench should bo dug, filled with the hest materiftl ftvaikble, and 
carefully puddled and rammed. 
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In building a reservoir embankment ef earth many farmers and 
not a few engineers fail te understand the difTcrence between an 
embankment capable ef withstanding a lead such as is placed upon 
it by tlio passage of a lecometive and ene cempact and stable eneugh 
to held water. In highway and railroad fills little, if any, attentien 
is paid to packing the matefiah, hut in the case of earth fills te 
retain water, packing is a necessity. 'Experience has shown that 
ene ef the best ways to pack ordinary dirt which docs net contain 
too much clay is te dump it iiite w«tcr and let nature do the packing. 
When this method is not foasiblo tho earth should be placed on tho 
ombankraeut in thin layers and each layer moistened and rolled or 
otherwise compacted. In some cases tho earth can bo irmiBt©n«d 
before it is removed from its natural site. 

As has been stated, a frequent cause of failure of such dams is 
faulty wastowaya. The dams, being built for the most part in tho 




bods of sfcroams and in the dir»et line of flood flow, are subjected 
at times to high water which may carry floating driftwood or other 
debris. Tho overflew dam is designed to withstand such severe 
toets, hut tho dam considored hero is not ef this type. It is intended 
only to impoimd water to a certain safo height and to by-pass all 
surplus waters through tho wastoway. This throws a heavy burden 
upon this structure in times of flood, and it should be of such strength 
and capacity as to perform its part without danger to tho dam. 
In making prevision for a wastoway it should be home in mind that 
a flood may occur whoti the rceervoir is full, so that the entire flew 
ef tho stream must pass through tho wastoway. Consideration 
also should bo given to obstructions te tho flow of water caused by 
driftwood and clogging of fish screens. 

Such foatures of this type of reservoir m inlet and outlet pipes, 
slope protection and th« like have been discussed in tho first part 
of this buU»tin. > . 



PARJJ EfSEHVOIRS. 



23 



In tho early days of mining in California, some one evolved the idea 
of washing dewn tho gold-boaring sand by moans of powerful streaina 
of~wftler dwifet*d' »ffain»t the banks And hiteid^s. This practice hsi 
been improved and extended and now is a commonly used method 
of building oarthen embankments and of loosening and transferring 
#«**liy *«*»ri«l f-or other purposes. In making uao of this method 
an ample supply of water is necessary. What is called the "cutting 
stream " is nnder high pressure from 60 to 100 pounds per square 
inch. ¥he jireftsiWWmay b© obtained by gravity f ftH or by pumping, 
and tho water is convoyed to the material to ho excavated in a pressure 
pipe of suitablo diamotcr. Tlio end of tho pressure pipe tenninates 
in « giant (fig. 17) from whitfh a stretcm h (ft-cCtlSd *f ainst tho b«nk 
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Fig. IS-^V-ahapcd flume used In sluicing. 

of dirt. A larger stream of watw, but under little or no preasui-e, 
then is added to the former stream to carry th» material loosoaed 
by the giant into a flume or pipe in which it is transported to the dam. 
Figures 18 and 19 show- two forms of wooden flumos used for this 
purpose. The grado on which they are laid should be as steep as 
practicable auci never less than about 5 per cent. Under favorable 
conditione material can bo placed in a dam by tliis proc«as at a lower 
cost per cubic yard than by the nse of teams and scrapers or teams and 
wagons. Such embankments are also more compact and wator-tiglit 
than those built by ordinary methods. 

Dams built of loose rock without any cementing material usually 
have sufficient weight to withstand water pressure but the ease with 
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Fio. 111.— A rectangular flamo iwed In slulsing. 




which water can porcolato through such structures renders thorn un- 
suitable. to retain water. This defect is overcomo in various ways 

of which two will h<5 
doscribod hero briefly. 
Tho usu*l way of m*k- 
ing loose rock daras 
water-tight is to place 
oarth in front in the 
manM«# indicated in 
figure 20, (See p, 38, 
pt.2,0,E.S. Bui. 249.) 
Tl\® saiiio care should bo takorv iu placing this earth as has been 
rocommondod for earthen dams proper and tho cut-off wall of con- 
crete placed along 
the uppor toe of the 
reck slopo usually is 
a necessary part of 
B u c h combiii ation 
structures. Another 
way of making looso 
rock dams water- 
tight is to lino the F.o.ao.~S.ctIonoftrpi™iroe*-fmdam. 

front face with timber in some such way as that shown in figure 21,' ■ 

UESERVOfHS FOil WATEItJNO STOCK, 

Many axnaE rssorvoirs Itavo been built in the grazing districts of the 

West to furnish water for 
range stock aud household 
purposes, the irrigation of 
land from sjich supplies be- 
ing of Bocoudary importance, 
Tliese have been greupetj 
under typo 3. 

In the Great Plains area 
and more particularly in the 
eastern portions of Wyoming 
and Montana and tho west- 
ern portions ef the Dakotas, 
lb ere is lit tie stream flowdur- 
ing the greater part of tho 
year and tho well water often 
is so iinprognated with min- 
eral salts m to bo unfit for 
drinking purposes. On the 
other hand, the native grasses arc abundant and nutritions hut the 
cattle and sheep which graze thereon are not permitted to feed beyond 

1 The Btorago of water for irrigation purposes, by Samttol Fortter and F, L. fcxby, U, 8, D«pt, Agr, 
OSieo of Experiment Stations Bui. 240, pt, 1. 




no, »1.— Showing method commonly used farfMlng rock- 
fill dam with timlwr. 



easy roach of the nearest water hole. Thus without tho uso of reser- 
voirs or other means of providing water, tho pubhc range can ho only 
partially utilized and too often the big stock companicg, in acquiring 
poseeasion of the land bordering springs and streartte, become the 
sole beneficiaries of the use of such lands. 

Other roflorveirs of this class have been built by transportation 
oompaniee-itf-ofder to provide water for cattle and sh«ep on route 
from the range to the nearest railway station. The following table 
gives some data pertaining to a few of these which are typical of a 
large number that wore built by tho Chicago and Northwestern 
Railway Company.' 



TabiiK 4. — Dtmenaions. capacily , and cost uf cerium dnms. 













Cost. 


Name ordiim. 


lIolBht. 


l.ongth. 


CapacUv'. 
















Total. 


Vermis 
tuot. 




Ftet. 


Feet, 


Gallons, 


Acre-fctt. 








24.1 


200 


3,770,800 


U.S 


t7S2.00 


JfiS.60 




Ifl.O 


207 


4,782,500 


14.6 


550.00 


37.70 




Sfl.O 


218 


4,500,000 


13.8 


470.00 


34.08 




9.0 


ISO 


2,175,000 


8.6 


88.00 


13.03 




12. S 


200 


4,000,000 


12.3 


474.00 


3». 84 




16.0 


352 


2,400,000 


7.4 


371.00 


50.21 




15.0 


230 


4,3OO,0SO 


13.3 


427,00 


32. a« 




16.0 


400 


4,000,000 


12.2 


719.00 


59.00 




Ifl.g 


2-10 


3,068,700 


9.3 


673.00 


72.40 



The daina for reservoirs of thi^ type aro of earth built for tho most 
part in the beds of streams. Before the enibankment is begmi the 
surface of the ground under the entire base of tho dam, aa well as the 
borrow pit, is stripped for a depth of at least 9 inches so as te get rid 
of all soil and other light, i)orous maten'al which would prevent tho 
earth in tho dam from settling in a soHd and compact manner. 
After tho ground has been so stripped and before the grading is 
begun, a treneb 12 foot wide and not leas than 18 inches in depth is 
dug the entire length of the proposed dam, Tho edge of this trench 
from tho upstream side is not less than 3 or more thaTi 10 feet inside 
the to* of the inner slope. This trench is dug for the purpose of 
breaking the seam that otherwise might exist between the natural 
ground and tho constructed dam. 

The dam then is built in th« usual way by placing the material in 
uniform layers under the whole base of the dam. Figure 22 shows 
the standard dimensions used in embankments and the position of 
tho intercepting trench, It will be noted from this sketch that the 
flow line of tho wastcway is 5 feet below the top of tho embanlanent. 

Wherever possible, a natural wasteway was titilizcd in direct line 
with the stream channel and tho dam located to one side so as not to 
bo subjected to tho direct fore© of the strcKm. 



1 Small reserved in Wyoming, Montana and Seath Dakota, by F. C. Hstxmsmo. U, S. Dept. AgT., 
OW* <*t Expeiiment Stations -Bui. 179. 



26 



T'AEMSRS' BULLRTIPT 888. 



To protect tho embaTikmcnt from wavos produced by tho high 
winds of tho open pniirics, the inner slopoittaj^ ho covered -with roisK, 
brush flTid roek, or other mntcriftl. A eommoii kind of protection 
consists of sheet pihng formed of inoh boards 10 inches wide and 8 
feet long. Each board is driven into tho embankment at tho edge 
of the water of a full reservoir to a depth of 3 feet and then nailed to 
two horizontal ties of 1 by 10 mch bonrds. Thcso latter aro braeed 
to dead men buri»d in dam t«t^^ laflnner sho^v'n in figuro 22. 

Smaller earthen 
reservoirs or "set- 
tling basins" for the 
watering of stock are 
common in Imperial 
Valley, Cal. 'Thoee 
aro usually roctangu- 
lar in form, 20 by 30 

FJQ. a.— Crow section ot earth dam showiog InterscctinB trench and fcct being a COmmon 

'™^'> ^"''"o- size and about 4 feet 

deep. To keep out tho stock they aro fenced with tho exception of a 
drinkiTig place about 6 feet long, which is eribbcd. Tlio cribbing 
consists of two 12-inch planks spaced 0 inches apart with tho inter- 
vening spaeo filled with sand. Figuro 23 illustrates this cheap 
method of fimiishhig water for stock. In recent years a more costly 
equipment toprovido water for domestic purposes as well as stock has 
been introduced iu tlio valley. Such a plant is frhown in figure 24- and 
comprises a reservoir lined with concrete into which the muddy water 
from the irrigation canal is diverted by the supply ditch shown in 
the foreground, a pumping plant, 
and an elevated metal tank into 
which the settled water from tho 
resorvo ir is piunped . Tho reservoir 
is 14 by 18 feet in area, 7 feet 
deep and has a I'cmovablo cover in 
order that the silt maybe cleaned 
out periodically. Tho walls are 6 

inches tliick throughout and the i-,a. aB.-iwtitos fir ko* 
bottom 3 inches thick. Tho tank 

has a capacity of 3,750 gallons and this quantity of water serves 100 
head ot cattle and also provides for aU domestic uses for a period of 
three dnys. A wood«n derrick supports the tank at an elevation of 
27 feet above the gromid aTui pipes of black iron 1 i inches in diameter 
distribute tlio water contained in the tank to two trouglis in tho 
corrals and to two other troughs iu the fields. A 3-horsepower gas 
engine and a 4-inch phmgor pump lift tho water from tho reservoir 
into the tank. Tlio various items of cost of this plant aro as follows: * 





' From report of F, J. VoUinteyor, assistant irrlgaHon emglaeer, O0lce ef PubUo Rmda Bad B^fBi 
Enflneertng. 
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Concrete rosGrvoir, includini; excavation $112. 00 

Jioservoir roof . . « > , . Mh M 

Derrick 103.00 

Tank : 75.00 

Engine and pump 240. 00 

Piping and extras 1 250. 00 



Total ; $800.00 



Typo 4 includes small oarthon reservoirs la the Atlantic Coast 
States and throughout the humid region, gonoriilly. Threo kinds arc 
discussed briefly. The smallest of those may be represented by what 
ono finds in the dairy districts of Now York State. The primary 
objoct of storing water in this part of tho country is to provide ice 
for dairies and household use. A pond 125 by 125 feot has a free 




riQ. 24.— Settling ruiwvolrj pump, and taak in Imperial Valley, Cal. 

cutting ico surface of about 100 by 100 foot and ono crop of ice from 
this surface, ovon though it bo but 4 inches thick, fills an ico house 
18 by 18 hy 10 feet deep, having a capacity of 80 tons. Of late 
y®ars, ti\o incresysing oxtont and importance of truck crops and tho 
damago inflicted on such crops by summer droughts have led many 
to uso their ico ponds for irrigation in summer and for ice in winter, 
thus s«ci*ring a double service from this choap farm reservoir. 

Figure 1 (p. 4) shows in outline a homestead near which is to be 
found a small pond fed from a spring, and an irrigated garden. In 
building this pond advantage is taken of a stone fenco which oncircloe 
tho lowor two sidos. Tho weight of the rock serves to strengthen 
tho bank and the wall prevents the dirt from being washod away. 
Before tho base of tho banks aro formed, the site should bo plowed 
shallow and the sods removed. It is then plowed as deep as possible 
and tho surface moistened, after which earth is scraped from the 
upper end to foim tho banks around tho lower end. In such work 
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it is seldom convenient to placo the dirt iu layers and to sprinklo 
oach layor. A choapor and equally aflfectivo raothod is to run water 
into the pit from which tho dirt is scraped at the closo of oach day. 
By next morning the water will bo ahsorbod unices much clay is 
prssont and the dirt not only will pack wtiE Isut « la^or amount 
c*n 1)6 taken out on tho alip at oach trip. 

A pond of tho sizo shown will hold, if filled 3J feet doop, enough 
water to irrigate aliout 6 acres to an averago depth of 2 inchou or 
4 acres to a dopth of 3 inches. If a G-inch pipe ia laid from tho pond 
to the. truck cropa it will enahlo the farmer to utilize in irrigating 
crops all the water tho pond holds in one day of 12 working hours. 
If the water iu the pond is carried in a 4-inch pipe, it will take nearly 
3 days of 12 hours each to empty the reservoir. A durable pipo for 
such reservoir outlets frequently can be purchased for little more 
than tho price of drain tile. Reference is hero made to rejected 
sower pipe. Such pipe is xinsuitod to the rigid requirements of city 
sowers but may 8«rvo the purjioee of a farmw as ■well as a more 
costly pipe. 

In cases wlwro tho spring or other source of water supply is below 
rather than abovo the irrigated tract, the fiow may be stored in a 
reservoir similar to tho ono just described and then pumped to tho 
tract by a pump driven by a small engine or motor. This airange- 
ment is sho'wii hi figur® 2 (p. 5). 

Wl\ile tho hillside reservoir from which the stored water flows by 
gravity costs less to maintain, it is the most expensive to constriict. 
JjmA expensive storage as regards first cost can oftmi be secured by 
scooping out muck bods in a natural" sump. Those saucer-shaped 
ponds aro used to provide water f<n" various farm purposes, of which 
thft irrigation of cranberries may bo mentioned. In tho latter a 
special puinp of low lift and fairly largo capacity is used to raise 
the wator from tho pond to flood tho bods. 

Tho third kind to be considered under typo 4 is more frequently 
met in the South Atlantic States. Swampy or over-flowed areas 
are frequently converted into shallow reservoirs by the builduig of 
an earthen dike across the outlet. Those dikes aro built in dry 
periods with teams and scrapoi's. If the material is to^o wot or 
unstable for teams to work, tho diko is built by laborei-s using shovels. 
In so far as practicabl*, the base of the dikes should bo cleared of all 
brush and coarse grass, and plowed. The low banks aro then formed 
in the usual way, tho upper, or wator, slopo being protected with 
brush and rock or brush and wire wherever there is any risk of 
scouring by wave action. The anost common, and perhaps the best, 
outlet for a reservoir of this kind consists of a wooden flume of cypress 
lumlw controlled by fiashboards of fehe same kind of wood. Tho 
diko or dtm oftw servwt m-A roadway also.. Under thie du|l uso 
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it has sufficient top widtli for tlio passage of teams. The water 
stored in those shallow reservoirs may b« conducted in flumes and 
pipes to irrigato land or to develop power. In r*ror it^tauces it is 
jmmped to higher levek for iiTigation pui-possa. 

In this ty]Mi are included r«B&rvoirs formwl by huilding dams at 
favorable sites across the beds of brooks, crocks, or other small 
^ streams tbjoughout the humid region. Some of the kinds of dams 
described under typos 2 and .3 are suitable for tyjje 5. This is 
cspocifdly tru.o of tlie comhirjalion earth and rock dam referred to 
on page 24. 

In recent years a demand has aristn for a more stalde and perma- 
nent dam than those outlined previously. This is due mainly to the 
more extended application of power to farm purposes and to the 
cheapness of cement concrete, hoth plain and roinforcod. However, 
in attempting to present a structure of this kind which wiU be typical 
one is faeo to face with tho difBculty of making it fit a largo number 
of unlike sites, conditions, and requirements. For this reason little 
more than suggestions can bo oflere<l in tho form of tentative dftsigns 
of which two are given. 

One of these may 1)0 used to good advantage in stream bods having 
bedrock on the bottom and sides, sketched in tho profile (fig. 25). 
In such favorable locations a concrete dam can be built cheaply with 
the use of little steel for reinforeing, as the greater part of the con- 
crete is in compreseion. According to the ))rofilo, the left bank of 
the creek is quite steep, and tho dam can be built into the i-ooky face 
without trouble. On tho other side of the creek the slope is less 
steep, and a short length of wall or abutment of tlto gravity type of 
ntftsonry dam is introduced in order to confine the dam proper to 
four arches. The number and length of span of tlieso arches,, of 
course, wiU depend on the widtli of tho cliajuiel, the height to which 
the water is to bo raised, and other conditions. In the tentative 
design submitted (fig. 25) the water is to be raised 12 feet above the 
bed of tlie creek, but the structure is made strong enough to resist a 
flood flow of 3 feet over the crest of the dam, making a total depth 
of water of 15 feet. The bed width of the channel is divided into 
four parts with three buttresses of the form shown. These buttresses 
are embedded in the rock in order to prevunt slidmg, and stool rein- 
forcing rods extend from 3 feet below the bed of the creek up through 
the entire height of each buttress to prevent overturning and also to 
relievo the concrete of tensfle strain. Each of tho four arch rings 
and tho gravity section likowiso aro embedded in tho rock at the 
bottom and on tho left bank to afford greater strength and to prevent 
leaks. 
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Fia. 20.— Outline ot conweto dam for gravelly stream bed. 
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In tho other tantativo design show in figure 26 bedrock is too far 
below the surface to bo of service as an anchorage and water-tight 
connection, and it is noccssfiry to modify tlio design in such a way 
as to adapt it to another set of conditions, In this case the chief 
thing to consider, apart from stability and permanence, is the hkeh- 
hood of water escaping either under or at one side of tho structure. 
Experience has ahovvn that when n small stream finds its way under 
or to the si<lo of a dam it is liable to erode the finer material and 
thus enlarge the opening until a largo vohimo of water paiiHae through 
and the dam is wrecked, 

To safeguard tho structure against a possible faihira of tliis kind a 
cut-off wall of concrete not only extends far bolow the bed of the 
creek but also into the hanks of each side (fig, 26). Tliia wall is sup- 
ported by an abutment on each side and also by throe buttresses. 
Such a dam also has to bo safeguarded against tho action of water 
falling over the crest upon the eartli and gravel in the bod of the 
stream. This is done l)y extending the floor and sides of the dam 
sufTiciontly far dowustroam and by riprapping tho channel beyond 
tlio lower end of the structure. In this design the depth of water is 
to bo 12 feet, with an allowance of 3 feet over tho crest during flood 
periods, Tho concrete is reinforced throughout, and it is believed 
every part of tho structure possesses ample strength to withstand all 
ordinary tfets, 

CONCRETIS-LINEU IIESEIIVOIRS, 

Earthen reservoirs lined with concrete constitute another type. 
In form they may be either rectangular or circular. A circular 
reservoir (fig. 27) lined with concrete, having a diameter of 134 feet at 
the bottom, a depth of 8 feet, and a capacity of 2 acre-feet, or 651,658 
United States guUons is somewhat similar in design to one built under 
tlio supervision of the Oflice of Public Roads and liural Engineering 
at Fort Collins, Colo.' The earthwork of such a structure does not 
dilTor much from oth«r earthen reservoirs already described." The 
same caro is exorcised in securing a water-tight connection between 
the natural surface and the fill and in making the latter stable and 
impervioua. Further pi'ocautions are necessary, howovor, in order 
to prevent damage by settlement and fi-ost. If the reservoir is 
formed partly in excavation and partly in fill, it is diflicult to treat 
each class of material in such a way tbsit both wiU bo equally stabk 
lind impervious. If the material in the fill, for instanee, settles more 
than tho natural earth, the concrete lining is apt to be ruptured along 
tho division line. Not only uneven settlement in different parts 
of tho earth ombonkment but settlQmont in any ono part tond« 
to rupture or otherwise damage concrete lining. To safeguard the 
structure against such damage it is recommended that the completed 

' llydraulio laboratory for irrigation, Foirt ColliWs, Colo., by V, Jj. Cane, OSm ct Tublte RsMh smi 
Rural Engineering, in Engineering News, vol. 70, No. U. 
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earthwork bo tTaoroughly soaked before the lining is laid. By 
keeping the reservoir full of water for an entire year both the natural 
and mado surfaces have a chance to settle. The water is thou with- 
dra\vn and the surface allowed to become partly dry when it is care- 
fully S«mj»fl, -feis^Ad, and amoothed. Before the final tamping ia 
dono a layer of coarao gravol is sproa<l over the surface and drivMi 
flush with the grade with tamping bars. 

In parts of the cojuitry having coldi'mnta* oii»»t«ii Ift4 damage to 
the lininj( causod by frost upheaval <mn ba gu*rd«d against in at 
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SECTION 

27.— Concroto-lbiod earthen reservoir. 



Open bofi-om,^ravetled 



least two ways. One la to lay tile drains below the surface of the bot- 
tom of the reservoir and the other is to tamp in sufTicient coarao gravel 
and sand in both the bottom and sides to provide for ample drainage. 

A cQiicrote suitable for lining ahould contain an ample percentage 
of good cement in order to make it water-ti^jht. A mixture of I part 
by volume of cement, 2 parts of sand, and 4 parts of gravel or broken 
rock is rocommendod. A measured volume of sand is dumpo<l on 
the mixing platform, half as much cement Hs added to it and both 
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iiigrodionts aro mixed dry until the mixture iS of one color. It is 
then moistened and worked into a soft mortar, and the rock or gravel, 
having hoen previously moistened, is added. The mertar and rook 
or gravel then are turned over with shovels at least twice or until the 
ontiro mass is thoroughly mixed. The concrete should be sufTiciently 
moist at this stago so that when shoveled into a whe«lbs.rrow or 
other means of cenvoyance it will assume a water level on top. At 
the same time it should not ho so wot as te flow roadily. 

In placing concrete on tho slopes, forms are dispensed with other 
than a couplo of guide i:>lanks having a depth oqual to tho thickness of 
tho lining and spaced as indicated in figure 27. It is possible to plact 
wot mortar on a slopo of 1 horizontal te 1 vortical, but a hotter job 
usually ean bo done if tho slopo is or 1^ horizontal to 1 vortical. 
Tho slopo as given in figure 27 is li to ]. There also should bo a 
slopo of sovoral inches to tho hundred foot across tho bottom of the 
reservoir so that water may bo drained to tho outlet. 



Tho thickness of the lining needed dppends upon tho severity of 
tho climate, tho care and skill used in preparing tho foundation, tho 
character of the concrete and ether factors. Another consideration 
is the desirability of keeping tho first cost of such structures as low as 
possible consistent with efTicicncy and durability. Generally Speak- 
ing, a lining 2 inches thick will sufTico in a climate with httlo frost, 
whereas in colder climates a 4-inch thickness may bo ncodod. In tho 
reservoir heroin outlined a 3-ineh lining is used.. In lining reservoirs, 
it is not necessary to use a greater thickness in the bottom. Tho 
parts that usually show defects in course of time aro te bo found 
around tho top rim or at tho junction of the bottom and tho side slopes. 
Tho former can be strengthened hy a coping as shown and the other 
by light reinforcing and a slightly greater thickness of concrete. 

Various kinds of joints are used te prevent cracks in eoncrete 
lining. Threo of these are sketched in figure 28. One of these 
(fig. 21i) 4ijN»^«ly the carpanlSil-'s ship lap or half timber joint 
applied to concrete. The same may be said of figuro 28b, with this 
difference, however, that the latter is strengthened by an extra 
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FIQ. 2B.— Showing several Joints ascd in concrete lining. 
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block of concrete. In thin Bninga tliis is m nocoBsity in this kind of 
joint. In the third kind (fig. 28c) the joint do&i not extend through 
tho lining. A thin strip of oilod wood is inserted in the joint, and 
when tho concroto has sot the wood ia removed and tho spaco is 
fJlcd with hot asphalt of such a churtictor that it will not crack when 
dropped iu ico water. 

KH8R«VOIRS BUILT OP COUIILESTONES. 

Many small rosorvoirs havt been built in southern California to 
storo water pumped from wells over night for uso in irrigation the 
following day. In the Pomona Valley, which includes an area ef 
valley land comprising something like 67 square miles, of -which 
about ono-third is irrigated, there wore in 1912 over 50 of those 
reservoirs owned and operated by individual orchardists or by small 
groups of orchardists cooperatively. In the preparation of much of 
tho land for citrus orchards on tho batches of this valley large quan- 
tities of cobblestones arc removed and dumped into ravines or piled 
up in long rectangular walls. Yoars ago some one conceived tho 
idea of making uso of this rock to givo stability to reservoir walls, 
and out of this conception has been developed a moro or lose dis- 
tinct type of farm reservoir. This type consists in th*main of a wall 
of cobbleetons ma6G^^ry laid iu cement mortar in which a small 




Jia. as.— Showing construetiwi ot cobblestoM nmaoty wall 
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ilG. 30.— Showing oobblestono wall of reservoir noarlng completion. 



amount of limo is iiicor|)orated, a coneroto floor, and an earth em- 
bankment aromid the exterior. 

From an engineering standpoint tho cnicirJ teats of a reservoir may 
h@ said to bo such featuros as eflicieney, durability, first cost, and 
maintenanec. Whon a reservoir having its walls eomi^oscd largely 
of cobblestones is compared with a reiuforeed eonereto tank of like 
capacity in respect to the tests named, in all ijrolmbility tho latter 
would be foimd b« thd more oconomieal type of eonatruction. 
Notwitlistanding this fact rosci-voira composed largely of cobble- 
stones po&sop? a niunber of advantages from tho point of view of the 
farmer and orchardist. Such reservoirs can be built for the most 
part by mechanics and fsirm laborers out of materials on tho farm 
with little or no expense for engineering sux-voys, .specifications, or 
supervision. 

This typo of reservoir is built either on or near tho surface of tho 
highest part of tlie tract or tracts to be irrigated ia order that tho 
water which it is designed to hold may flow by gravity to all parts ol 
the orchard,* For this and other reasons the earth foundation should 
be made seeuro against settlement. A good plan is first to level off 
the si to, build a lovce around it, and fill tho in closure with water to 
a depth of 12 or moro inches, allowing tho water to remain at this 
depth until the soil and subsoil are well soaked. Tho sito then is 



I The use of undorgroimd water at Pomona, Cal., by C. E, Talt, U. 8. Dept. of Agr., Offl«e of Experi- 
ment Stations, Bui. 236. 
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allowed to dry out partially and whon still moist is woll tamped, tho 
low places filled in, tlio entire surfueo covered with eoars>o gravol, 
sprinldod, and again tamped. Tho inlot and outlet pipes aro then 
laid on beds of concrete, after which tho oxterior wall may be begun. 
In a reservoir recently completed at Clarcmont, Cal., having an in- 
side diameter of 150 feet and a depth of 10 foot, tho thicWicsa of tho 
wall was 3 J foot at tlio bottom and H feet at tho top, with a batter 
on tho inside. Tho cobblestones form ing tho exterior wall were laid in 
cement mortar composed of one part cement, one-fourth part lime, 
and four parts sand. Tho insidoof tho wall was lined with a coating 
of ccmentplaster and tho floor consisted of a 5-ineh layer of concrcto. 




Fio. 31.— Cobblestono rBBwvoIr completed and filled. 

Tlio pumping plant which feeds this reservoir delivers abeut 450 
gallons per minuto, aud a head of nearly doublo this quantity is with- 
drami frem the resei-voir during daylight hours to irrigate 1 S3 acres 
of orange and lemon orchards. Figures 29 and 30 show the manner 
in which tho walls are built and figure 31 the general appearano* ef a 
reearvoir ef this typo when completed and filled with water. 

OTHER TYPES. 

Water for hrigatien and ether purposes is also stored in tanks of 
various kinds. Those consist of weeden staves hold together by steel 
bands, cylindrical vessels mado of steel protected from corrosion, and 
similar vessels or tanks mado of reinforced concrete. On accomat of 
the limitation in space, tho sulijcct of tanks can not bo included in 
this publication. ■ 

■ O 



